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Objectives To gather more evidence on a possible relation between spina bifida and agricultural and other
occupations of parents, a register-based linkage study was conducted in Sweden.
Methods Four hundred and eighty-two cases of spina bifida in infants born between 1976 and 1991 were 
identified from the Swedish Register of Congenital Malformations. Nine hundred and sixty-four referents 
without spina bifida were selected from the Medical Birth Register and matched for year of birth of the child, 
maternal age, and parity. Information on occupation was obtained from the Medical Birth Register from 1983 
on, and from the census, which is performed every fifth year.
Results A slightly increased odds ratio (OR) was observed for women in agricultural occupations [OR L8, 
95% confidence interval (95% Cl) 0.8— 4.2]. For all women who had an agricultural occupation or lived on a 
farm, the OR was 2,2 (95% Cl 1.3— 3.8). The OR values of most of the other occupational groups were close to 
unity.
Conclusions The results suggest an increased risk of spina bifida for the infants o f  women in agricultural 
occupations, but they do not provide insight into any specific occupational risk factors.
Key terms birth defects, neural tube defects, occupational exposure.
As spina bifida exhibits a strong variation by socioeco- j  
nomic status in several countries (1), a search for envi­
ronmental causes is indicated. Since classifications of 
socioeconomic status are primarily based on occupation, 
the presence of potential teratogens in the work environ­
ment may be an explanation for the differential preva­
lence rates by socioeconomic class, in addition to differ­
ing life-style factors. Maternal occupational exposure 
around conception and up to the 28th day of embryonic 
development could have a direct effect on the morpho­
genesis of the neural tube. Paternal chemical occupa-
*
tional exposure could theoretically result in genetic dam­
age to germ cells (2) and introduce teratogenic substances 
in the seminal fluid at conception or later during em­
bryonic development (3,4).
Studies specific to neural tube defects and parental 
occupation have been scarce. Most studies include con­
genital anomalies in general or defects of the central 
nervous system (CNS) as a group, including neural tube 
defects. In these studies, some associations have been 
found for women working in industry, construction, 
transport and communication (5, 6), dental surgeries (7), 
and nursing (8) and for women exposed to organic sol-
vents (9). Studies on fathers yielded increased risks for 
painters (10), agricultural workers (11), workers in the 
food, beverage, wood and textile industries (12), and 
fathers exposed to low-level radiation (13).
Studies that focused on neural tube defects in particu­
lar or on one of the main categories of congenital defects 
have revealed increased risks for women working as 
hairdressers (14) and farmers (14, 15) and for men work­
ing as painters (16—18), printers, decorators, transport 
and communication workers (1.6), plastic production 
workers (18), and farmers and bricklayers (14). It should 
be stressed, however, that, except for male painters and 
male and female agricultural workers, very few findings 
have been repeated in two or more studies.
Recently, we conducted a case-referent study on spi­
na bifida and parental occupation in The Netherlands. 
Postal questionnaires and personal interviews were used 
to collect data on occupation and occupational exposure, 
respectively. Increased risks were suggested for fathers 
working as a welder or transport worker, for cleaning- 
women, and, especially, for women working in agricul­
ture [odds ratio (OR) 5.6, 95% confidence interval 
(95% Cl) 1.8— 17.8] (19). However, no association was
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found between spina bifida and maternal pesticide use or 
any other agriculture-related exposure, but the numbers 
of exposed workers were small (20). A Finnish study did 
not find an association between pesticide use and CNS 
defects either (21),
To gather more evidence about a potential relation 
between spina bifida and parental agricultural occupa­
tions, we conducted a register-based case-referent study. 
Furthermore, we also evaluated the risk of other occupa­
tions with a potential for chemical or physical exposure.
Subjects and methods
Subjects
The subjects were identified from the Swedish Register 
of Congenital Malformations (22). This register became 
compulsory in 1965 and covers live births, stillbirths, 
and prenatally diagnosed malformations from all of Swe­
den from 1973 on. Using the unique personal identifica­
tion number of the mother or the child or both, the regis­
ter was linked with the Medical Birth Register, which 
covers all live births and stillbirths in Sweden from 1973 
on. The maternal identification numbers and birthdates 
of the children could be used to determine whether the 
same case appeared in both registers.
In this study, 482 infants with spina bifida aperta 
[International Classification of Diseases (ICD-9) codes 
741.0 and 741.9] (23) were included. Because occupa­
tional information was not available for every year of 
birth of the children, we could only include children born 
in 1976, 1981, or between 1983 and 1991. As a conse­
quence of the linking procedure, only live births and 
stillbirths have been included in our study. For each case, 
two referents without spina bifida were selected from the 
Medical Birth Register, matched for year of birth of the 
child, maternal age in five-year classes, and parity (first, 
second, third, and fourth or subsequent child). As a re­
sult, 964 referents were included.
Data collection
Information on occupation was obtained from two 
sources. The first source of occupational information 
was the census, which was linked with the Medical Birth 
Register. Performed every fifth year, the census provides 
a large amount of information on each individual in 
Sweden. Census information on maternal and paternal 
occupation is coded centrally by Statistics Sweden using 
the Nordic Classification of Occupations. In this case- 
referent study the three-digit code was used. Because of 
a special interest in agriculture and the fact that farming 
occupations may be underreported by women, we also 
abstracted information on housing, particularly living on 
a farm, from the census. Census information from 1975
was used for infants born in 1976, from 1980 for infants 
born in 1981, and from 1985 for infants born in 1985 or 
1986. Information on paternal occupations was only 
available in the census from 1985, which was linked 
with births in 1985 and 1986.
The second source of occupational information was 
the Medical Birth Register, which has been collecting 
information on maternal occupation since 1983. The oc­
cupational information in the Medical Birth Register is 
based on interviews performed by midwives at the first 
visit of the pregnant woman to the maternity health serv­
ice, usually at weeks 10—12. The actual occupation of 
the woman is recorded verbatim. In the present study this 
information was translated into the three-digit code of 
the Nordic Classification of Occupations for infants, who 
were born between 1983 and 1991. The coding was done 
without knowledge of the case-referent status of the 
child.
To assess whether someone had an occupation with 
potential exposure to chemical or physical agents, we 
primarily used the census information on occupation. As 
more-detailed information on occupation is gathered in 
the census, it is more often precise and complete. When 
no census information was available, the occupational 
information in the Medical Birth Register was used. Ta­
ble 1 shows the distribution of the cases and referents 
according to year of birth and the source of information 
that was used to assess the occupation of the mothers in 
that specific year of birth. Census information was used 
for one-third of all the cases and referents; the Medical 
Birth Register was used in all other cases. The table also 
shows the years in which information on housing, smok­
ing, socioeconomic status, and geographic area was avail­
able.
Analysis
Matched univariate analyses were done for the triplets of 
the cases and referents, odds ratios (OR) being calcu­
lated by means of Mantel-Haenszel estimates with 95% 
confidence intervals (24). We included smoking in three 
classes (no smoking, 0— 10 cigarettes, >10 cigarettes), 
socioeconomic status in four classes (blue-collar work­
ers, middle-class white-collar workers, academics and 
executives, and farmers) and geographic area in five 
classes (southeast, south, southwest, middle, and north) 
as potential confounders. The subjects whose status was 
unknown due to lack of data were not excluded from the 
analyses but were instead included as a separate cate­
gory.
Results
Table 2 presents the distributions of the maternal agricul­
tural occupations and other selected maternal occupa­
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Table 1. Cases and referents by year of birth and source of information on occupation, socioeconomic status, housing, smoking, and 
geographic area. (MBR = Medical Birth Register)
Year of birth Cases
(N)
Referents
(N)
Source of information
Maternal
occupation
Socioeconomic
status
Housing Smoking Geographic
area
1976 46 92 Census « census ■ MBR
1981 41 82 Census * census « MBR
1983 38 76 MBR » ■ MBR MBR
1984 41 82 MBR i « MBR MBR
1985 48 96 Census census census MBR MBR
1986 53 106 Census census census MBR MBR
1987 66 132 MBR m MBR MBR
1988 41 82 MBR m MBR MBR
1989 54 108 MBR * MBR MBR
1990 52 104 MBR « MBR MBR
1991 2 4 MBR • MBR MBR
Total 482 964
tions with potential for chemical exposure. Of the case 
mothers, 130 were housewives and 339 (70%) worked 
outside the home, compared with 230 and 708 (73%), 
respectively, of the reference mothers. The remaining 
mothers were students or had occupations that could not 
be classified.
An increased risk was observed for women in agri­
cultural occupations (OR 1.8, 95% Cl 0.8—4.2). Five 
case mothers and seven reference mothers were working 
proprietors in agriculture, two case mothers were live­
stock or poultry farm workers, two case mothers and 
three reference mothers were horticultural workers, and 
one case mother and one reference mother were fur- 
bearing animal workers. When we included all women 
who had an agricultural occupation or lived on a farm in 
the exposed category, the odds ratio increased to 2.2 
(95% Cl 1.3—3.8).
Although our main interest focused on agricultural 
occupations, we were also able to study associations 
between spina bifida and some other potentially exposed 
occupations. A decreased odds ratio of 0.2 (95% Cl
0.0—1.4) was observed for hairdressers. No effect was 
found for the total group of industry and transport work­
ers (OR 1.0), but when only women who worked in the 
printing, paper or plastic industry were considered, an 
increased odds ratio of 1.7 (95% Cl 0.6—5.0) was seen. 
However, the numbers were small and the confidence 
interval did not exclude unity. The odds ratios of all the 
other occupational categories were close to unity.
Only 81 case fathers and 162 reference fathers could 
be included in the analysis due to lack of data on paternal 
occupation (table 3). Increased odds ratios were found 
for paternal agricultural occupations (OR 1.6, 95% Cl
0.6—4.5), and for solvent-exposed fathers (OR 2.6, 95% 
Cl 0.7— 10,4). However, the 95% confidence intervals 
for both odds ratios did not exclude unity.
Smoking, socioeconomic status, and geographic area 
were included in the analyses as potential confounders.
Table 2. Number of cases and referents and Mantel-Haenszel 
odds ratios (OR) with 95% confidence intervals (95% Cl) for ma­
ternal occupational categories with potential exposure to chemi­
cal or physical agents compared with a group comprised ol unex­
posed occupations and housewives.
Occupation Cases 
(N = 482)
Referents 
(N = 964)
OR 95% Cl
Agricultural workers 10 11 1.8 0 . 8 - -4.2
All agricultural women* 32 30 2.2 1.3—-3.6
Nurses 16 29 1.1 0 . 6 - -2.1
Nurse’s aides 52 119 0.9 0 . 6 - -1.2
Other health care workers 18 49 0.7 0.4—-1.3
Cleaners 16 28 1.2 0 . 6 - -2.1
Hairdressers 1 9 0.2 0 . 0 - -1.4
Industry and transport 
workers 22 43 1.0 0.6—-1.7
Printing, paper and 
plastic workers 6 7 1.7 0 . 6 - -5.0
Unexposed occupations 
and housewives 334 650 *
a Exposed: maternal agricultural occupation or living on a farm.
They did not confound the relation between spina bifida 
and maternal or paternal occupation.
Discussion
The results of this register-based study point to a slightly 
increased risk for women working in agriculture. When 
only women with agricultural occupations were assigned 
to the exposed category, an odds ratio of 1.8 was ob­
served (95% Cl 0.8—4.2). However, women who per­
form agricultural tasks at home may call themselves 
housewives and may thus be misclassified with respect 
to exposure status. Therefore, women living on a farm 
were included in the exposed category as well, yielding 
an odds ratio of 2.2 (95% Cl 1.3— 3.8). As information 
on housing was only available for births in 1976, 1981,
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Table 3. Number of cases and referents and the Mantel-Haenszel ; 
odds ratios (OR) with 95% confidence intervals (95%, Cl) for pa­
ternal occupational categories with potential exposure to chemi­
cal or physical agents and a group comprised of unexposed occu­
pations.
Occupation Cases 
(M = 81)
Referents 
(N = 162)
OR 95% Cl
Agricultural workers 7 9 1.6 0 . 6 - ■4.5
Health care 0 3 9 i
Transport and communication 
workers 5 14 0.7 0 . 2 - -2.0
industrial workers 24 45 1.1 0.6—-1.9
Printing, painting, paper 
and plastic workers 5 4 2,6 0 . 7 - -10.4
Unexposed occupations 45 91 1 fc
1985, and 1986, however, some people may still be mis- 
classified according to this broader definition.
The rather broad category of agricultural workers 
that we used in this study may comprise a diversity of 
tasks and activities and varying chemical or physical 
exposures. Due to small numbers, however, it was not 
possible to subdivide this category into homogeneously 
exposed groups. As a result, random misclassification 
might have biased the odds ratios towards the null value.
In our study, infants with spina bifida were selected 
from the Register of Congenital Malformations. In this 
register, every diagnosis that is doubtful or unclear is 
checked with original hospital records. Therefore, diag­
nostic specificity is high (25). For spina bifida the sensi­
tivity is estimated to be 80—90% (26).
Prenatally diagnosed malformations leading to elec­
tive abortions could not be included in the study, Theo­
retically this exclusion may have introduced some selec­
tion bias. However, it should be stressed that the majori­
ty of Swedish women get at least one ultrasound screen­
ing during pregnancy free of charge, As any possible 
effect of prenatal screening may be largest among the 
older mothers and in more recent periods, we stratified 
our analyses according to age and calendar year. No 
differences in the odds ratios were found between 
mothers above 27 years of age and those 27 years of age 
or younger. The differences between the women who 
gave birth before and after 1985 were also negligible.
Because the neural tube is closed in the fourth week 
of pregnancy, occupational exposure in the first month 
of pregnancy is of interest. However, information is re­
corded in the Medical Birth Register at weeks 10— 12 of 
pregnancy, and census information is collected at five- 
year intervals and linked with births in the following 
year. Therefore, occupation may have been misclassified 
if the recorded occupation was not the same as the occu­
pation in the relevant period (27). As women usually do 
not stop working until the end of their pregnancy, we did 
not expect this type of misclassification to be large. Oc-
cupations could be derived from the census in one-third 
of all cases and referents. Census information is usually 
not collected during pregnancy at all; however, because 
it is more complete and precise, census data were pre­
ferred to the Medical B irth Register. According to Eric- 
son et al (28, 29), the accuracy of census information 
varied between 88% and 98%. The fact that the informa­
tion was collected before birth or even before pregnancy 
has the advantage that information on cases and referents 
with respect to exposures is comparable, and information 
bias is not likely.
A disadvantage of using routinely collected data is 
that the coding of occupations has received little atten­
tion when compared with specifically designed case- 
referent studies using questionnaires or interviews, in 
addition, a limitation of this study is that most of the 
other risk factors of interest, such as a family history of 
neural tube defects, consanguinity, dietary factors, vita­
min use, and the use of anti-epileptic agents or ovulation 
stimulating agents, could not be taken into consideration 
in the analyses since information on these variables was 
not available in the Medical Birth Register or census. As 
a result, the odds ratios may be biased towards or away 
from the null value, A higher rate of consanguinity might 
theoretically be expected in rural populations, and such a 
difference might partly explain the increased odds ratio 
found for agriculture. However, this was not the case in 
our Dutch study on spina bifida and parental occupation 
(19), and so is therefore not expected in Sweden either. 
Adjustment for socioeconomic status and geographic 
area did not change the results. In The Netherlands, the 
only con founder was a family history of neural tube 
defects.
As information on paternal occupations was only 
available from census data in 1985, a small number of 81 
case fathers and 162 reference fathers was included in 
the analyses. Therefore, the confidence intervals were 
wide and the point estimates for the paternal occupations 
have to be interpreted very carefully.
In the literature, some evidence is found for an asso­
ciation between spina bifida and maternal agricultural 
occupations. Although the risk observed in our study 
was only slightly increased, it agrees with the results 
reported in the literature. In a previous study in Sweden, 
Ericson et al (15) stated that no statistically significant 
association could be found between neural tube defects 
and any type of occupation, even though they did find an 
odds ratio of 7.1 for mothers in agricultural occupations. 
The 95% confidence interval, which was not presented 
because of small numbers, ranged from 1.4 to 35.2. It is 
worth noting, however, that approximately one-third of 
the cases in our study was probably also included in the 
study of Ericson et at (15). A small-scale study in Vene­
zuela showed largely differing frequencies of agricul­
tural occupations among 76 cases of neural tube defects
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and 76 referents: 8% compared with 0% among the 
mothers and 32% compared with 13% among the fathers 
(14). Moreover, a study in England on congenital mal- 
formations among offspring of agricultural workers 
showed that “gardeners and groundsmen” had increased 
ratios for spina bifida, anencephaiy, and facial clefts, 
while “agricultural workers” had increased ratios for 
spina bifida and facial clefts (11). In a questionnaire- 
based case-referent study that we recently performed in 
The Netherlands, an increased risk of 5.6 (95% Cl 1.8— 
17.8) was found for women in agricultural occupations 
as well (19).
A specific teratogenic agent that might be responsi­
ble for the increased risk found in our study and in the 
literature could not be identified in this register-based 
study. However, directions for further and more-detailed 
research into the association between spina bifida and 
maternal agricultural occupations can be inferred.
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